Food allergies are a recognized public health problem. Epidemiologic evidence has shown that the prevalence of food allergies in US children has increased over the past decade 1, 2 and that development of food sensitization in early life may predispose individuals to later allergic conditions (eg, asthma) in childhood. 3, 4 The increased incidence of food allergy cannot be explained by genetic factors alone, and studies linking food allergies to other emerging health conditions in children involving diet (eg, obesity, diabetes) 5, 6 suggest that dietary factors may be important. Thus, it is necessary to better understand how and whether certain dietary choices, practices, or related environmental causes early in life are contributing to the development of food allergies in young children.
There have been recent controversies over recommended feeding practices during infancy for the prevention of food allergies and other allergic conditions in later life. [7] [8] [9] Although most pediatric organizations continue to promote exclusive breastfeeding for at least the infant' s first 6 months of life, 10, 11 the optimal timing for introduction of complementary foods has not been well established. There is inconclusive evidence that either early introduction before 4 months of age increases, or delayed introduction after 6 months of age reduces, the risk for subsequent food allergic sensitization, especially for children with atopic risk factors. 9, [12] [13] [14] [15] The Infant Feeding Practices Study II (IFPS II) and the Year 6 Follow-Up Study (Y6FU), a longitudinal survey of .1500 pregnant women that assessed comprehensive dietary and health histories of their children from birth through 12 months and again at 6 years of age, offer opportunities to study early life practices that contribute to food allergy development by age 6 years. 16, 17 Certain characteristics of a probable food allergy (pFA) in infants ,1 year old from the IPFS II have previously been reported. 18 The present article expands on the previous article by using the longitudinal data to characterize the development of food allergies in the IFPS II sample when the children are 6 years old. Our main objective was to assess the predictors of pFA in this age group, particularly the impact of feeding practices such as breastfeeding and timing of complementary food introduction at important early life dietary milestones development (ie, at 4 and 6 months, respectively) on food allergies.
METHODS

Study Design
The IFPS II was a mail panel survey conducted in 2005-2007 of US mothers and their newborn infants. Survey data were collected approximately monthly from pregnancy through the infant' s first 12 months of life and queried various information on infant feeding and health, including food allergies, maternal diet and health, and demographic and environmental variables. 17 Eligible mothers enrolled in IFPS II were recontacted in 2012 to provide follow-up information for themselves and their 6-year old child. The Y6FU survey queried various information about the child such as current health status, including physician diagnosis of food allergy, food environment, home environment, and other related outcomes. The study was approved by the US Food and Drug Administration' s Research Involving Human Subjects Committee. Details on the methods and sample characteristics of participants in Y6FU are described in another article in this supplement. 16 
Sample
The total sample size of the Y6FU study was 1542 children, representing 52% of the original IFPS II population who were eligible for Y6FU. 19 Response by mothers to the Y6FU survey question asking if their child had ever been taken to a physician because of a food allergy was available for 1531 children. If the mother responded affirmatively, she was asked whether the child was diagnosed by a physician as having an allergy to any food. Mothers were also asked whether the 6-year-old had outgrown a food allergy or intolerance that he or she had had when younger. The final analytical sample was further restricted to 1363 children by removing those with missing values for any variables used in the regression model. Analysis of the 179 excluded children showed no significant differences from the final analytical sample with regard to prevalence of pFA at ages 1 and 6 years and variables related to high risk for atopy.
Dependent Variables
The main dependent variable was total pFA (all children with a current physician diagnosis of food allergy at age 6 years). Additional dependent variables included new pFA (subset of children with physician diagnosis of food allergy at age 6 years but with no diagnosis before 1 year of age) to study the potential for effects during the infancy period on later food allergic manifestations and high-risk pFA (subset of children with pFA at age 6 years and report of any of the following atopic risk factors: family history of food allergy, family history of other atopy, or eczema before age 1 year). 9, 20 
Independent Variables
Infant feeding variables were derived from IFPS II data. Exclusive breastfeeding duration was calculated as the midpoint between the infant' s age when the mother last reported feeding only breast milk and the age when the mother first reported not exclusively breastfeeding. 21 Of note, neonates reportedly given formula in the hospital but exclusively breastfed after discharge were considered exclusively breastfed. The timing of introduction of solid or liquid foods was estimated by using the midpoint between the age at which the food was not reported as being fed to the infant over the previous 7 days and the age at which food was first reported. Two main food categories were defined: milk allergenderived foods, including formula (the majority of which [.95%] was milk based), cow' s milk, other milk (eg, goat), and dairy (eg, cheese); and complementary foods, comprising mostly solid foods such as any soy, fish/shellfish, peanut, eggs, infant cereals, other cereals, fruit, vegetables, French fries, meats, and sweet foods (eg, pudding).
Background demographic and health information came from the Y6FU and IFPS II databases, with missing Y6FU demographic data imputed from data in IFPS II. Y6FU demographic information included child' s gender and mother' s education, race, and household income (#185% vs .185% of the federal poverty level). Y6FU health variables included whether the mother or anyone in the family had a history of food allergy or other atopy (ie, asthma, eczema, environmental allergies). IFPS II data included whether the child was delivered vaginally or by cesarean delivery and whether the child had physician-diagnosed food allergy or reported eczema at any time before age 1 year. The smoking exposure variables were constructed from both Y6FU data on current smoking status of the mother and other household members and IFPS II data on whether mother and others had smoked in the house during pregnancy or the child' s first year of life. The number of siblings was constructed from both IFPS II (number of other siblings in household) and Y6FU (number of other siblings born since IFPS II) data.
Statistical Analysis
SAS version 9.3 (SAS Institute, Inc, Cary, NC) was used forall analyses. Because all dependent variables are binary, logistic regression was used. The association between pFA and duration of exclusive breastfeeding or timing of any milk/ formula or complementary food introduction was assessed at time periods based on important dietary milestones of either 4 or 6 months. Because only 9 mothers reported exclusive breastfeeding for $6 months, 4 months was used as the cutoff point for exclusive breastfeeding duration. Because exclusive breastfeeding and milk/formula introduction were collinear events, logistic regression results were presented for only the exclusive breastfeeding group. Analysis of individual complementary foods produced inconclusive results because the numbers were too small to provide a stable model for the various time points. Thus, we instead counted the earliest time for the introduction of any of the complementary foods in year 1. If the foods were not reported, the individual data were counted as "not reported." Because complementary foods were analyzed as a group, a record was removed from the analysis only if data for the entire group were missing. To understand the relative impact of individual allergenic food groups, crosstabulations of timing of introduction of these foods in relation to frequency of pFA (ie, percent with pFA) at each respective milestone was constructed. The x 2 analyses were conducted to compare the differences within each food group.
RESULTS
Prevalence and Characteristics of pFA
From the total population of Y6FU respondents, 97 (6.34%) of 1531 mothers reported a physician diagnosis of food allergy in their child at age 6 years; by comparison, 3.89% of total children in the IFPS II year 1 survey had a reported food allergy diagnosis. Among children with pFA by age 6 years, 78 children developed a newly diagnosed pFA since 1 yearofage(ie, hadpFA at year6 butnotat year 1). Only 19 had evidence of persistent pFA (ie, had pFA in both years 1 and 6). Among children who had ever been taken to a physician because of a possible food allergy, 37.2% reported that they had outgrown a food allergy or intolerance that they had had when younger.
Total (n = 1363) and high-risk (n = 823) population groups were identified by using logistic regression to analyze and compare frequencies of pFA and other population characteristics or differences in relation to various demographic, environmental, and health variables (Table 1). The subpopulation of children reported to have persistent pFA was too small to provide meaningful results and therefore was not analyzed separately. It was found that 89% (79 of 89) of children with pFA had at least 1 atopic factor. There were no significant differences in characteristics between the high-risk and total populations or with regard to pFA frequency in relation to exclusive breastfeeding duration, timing of complementary food introduction, or other variables.
Predictors of pFA
Relevant demographic, environmental, and health factors were assessed for association with total pFA and among the new pFA or high-risk subgroups by using logistic regression analysis (Table 2) . For both total and new pFA samples, controlling for all predictors, the adjusted odds of having pFA at age 6 years were nearly double (adjusted odds ratio [aOR]: 1.86; P = .01) among children who had a family history of food allergy than among those who did not. Children with pFA were more likely to have mothers who had higher education (especially college/bachelor' s degree) or were from families with higher income (aOR: 1.70; P = .06) compared with those with incomes ,185% of the poverty level. The highest odds associated with total or new pFA were found for children with reported eczema before age 1 year (aOR: 3.69; P , .001). For the high-risk subsample, the main predictor was income .185% of the poverty level (aOR: 3.19; P = .002).
SUPPLEMENT ARTICLE Exclusive Breastfeeding Duration and Timing of Complementary Food Introduction
As shown in Table 1 , significant predictors of pFA were similar between total and new pFA except for exclusive breastfeeding variables. Exclusive breastfeeding duration for $4 months compared with no exclusive breastfeeding was associated with marginally significant lower odds for new pFA (aOR: 0.51; P = .067) but not for total pFA or pfA in the high-risk population (Table 2 ). These findings suggest that exclusive breastfeeding for a minimum of 4 months may offer protection from developing food allergies in the postinfancy period but only for children not at high risk for food allergy.
The timing of any complementary food introduction was not independently associated with total, new, or high-risk pFA at defined dietary milestones (Table 2). Table 3 displays the feeding patterns of selected allergenic foods at respective milestones and comparative pFA frequencies for the total and highrisk samples. Milk-based foods and cereals, and to a lesser extent fruits and vegetables, were the foods most commonly introduced before 6 months of age, with ,2% of infants introduced to allergenic foods such as egg, peanuts, fish, or soy before 6 months. In both samples, consistently lower pFA were observed in children fed milk, egg, or peanuts by 12 months of age compared with those not reported to be fed these foods; the inverse association was noted for soy, fruits, and infant cereals. However, no statistically significant differences were found.
DISCUSSION
From the nationally distributed IFPS II sample of .1500 children participating in the Y6FU study, we analyzed cases of maternally reported physician diagnoses of food allergy to study the frequency of pFA in 6-year-old US children and to describe present-day and early life predictors of food allergies in this age group. We found a prevalence of pFA of 6.34% in this sample, which is within the 3.9% to 8% range of national prevalence rates for children estimated by using parental reports of food allergies in North American children. 20, [22] [23] [24] The majority (89%) of children with pFA had at least 1 atopic risk factor. In this sample, we also observed that pFA reported at age 6 years was diagnosed after age 1 year in at least 75% of children and, in one-third or more of children who had ever been taken to a physician for a possible food allergy, a previous food allergy or intolerance had resolved by age 6 years. Using logistic regression to control for a variety of confounding variables, higher maternal education and family income, family history of food allergy, and reported eczema before age 1 year were the most significant predictors of pFA at age 6 years. These findings support other observations showing the relative importance of socioeconomic and atopic factors in childhood food allergies. 22, [25] [26] [27] Early life feeding practices, such as exclusive breastfeeding duration and timing of introduction of complementary foods in relation to important dietary milestones at 4 or 6 months of age, were not significantly associated with overall pFA. However, children who were exclusively breastfed for at least 4 months had borderline significantly lower odds of developing a new pFA compared with those who were not exclusively breastfed. This potential benefit was not observed in high-risk atopic children.
The literature has shown inconsistent results regarding the relationship between prolongedexclusive breastfeeding and food allergy in children. 9, 15, 28 For studies that have shown a preventive benefit, the benefit seems short-lived (up to a few years of age) and limited to atopic children with specific food allergies (ie, cow' s milk). 15, [28] [29] [30] Our results instead seem to show a breastfeeding benefit for nonatopic children and are consistent with the Tasmanian Asthma Study, 31 which, adjusting for familial risk factors of maternal, paternal, or sibling atopy, found reduced odds of reported physician-diagnosed food allergies in 7-year-old children who were exclusively breastfed for $3 months.
With a focus on defined 4-and 6-month dietary milestones, results from the present study concur with findings from a German birth cohort, which found no significant overalleffect of complementary/ solid food feeding practices on food allergic sensitization at age 6 years. 14 It should be noted, however, that children in the IFPS II study cohort were infants during the years 2005 to 2007, a time period when prevailing advice to US mothers was to delay introduction of food allergens. 32 Indeed, a very small percentage (,2%) of children were reported to have been fed non-milk allergens (nuts, eggs, fish/shellfish, or soy) before 6 months of age. The relative impact of this delayed introduction of allergenic foods on our study' s milestone end points cannot be easily dismissed. Moreover, our study focused on children with pFA at age 6 years, not on other current allergic conditions (ie, eczema) for which protective or negative effects of complementary food introduction in infancy have been shown. 33, 34 Future analyses of the relationships between breastfeeding, formula feeding, and complementary food type and introduction in relation to children with a combination of allergic conditions may be warranted to fully evaluate the association between infant feeding practices and prevention of food allergies or other allergic diseases.
The present study has some important limitations. First, the criteria for selecting the pFA group were not based on clinically validated methods but from parentally reported cases of physiciandiagnosed food allergy. The accuracy of this method in estimating the true prevalence of clinical food allergy is unknown and may be subject to parent or physician biases, especially in cases in whichthe diagnosiswasmade without diagnostic testing. Second, although nationally distributed, the IFPS II sample is not nationally representative and therefore is limited in ascribing prevalence estimates to the US population. 19 Third, our prevalence data on the pFA group do not discern whether the reported probable food allergies were immunoglobulin E mediated or could have represented other food allergic disorders in early childhood, such as celiac disease and eosinophilic gastrointestinal diseases. 20 Moreover, analysis of food allergies in this study was not linked to any specific food. Thus, it is not possible to assess the potential impact of early or delayed introduction of respective complementary foods on promoting or preventing individual food allergies. Fourth, the impact on pFA frequency by other potentially relevant and confounding factors tied to the incidence of atopic disorders, such as environment (eg, rural farm versus urban living, infectious exposures) 35 and allergic sensitization between ages 1 and 6 years, is missing from this logistic regression analysis.
Despite these limitations, the main strengths of the Y6FU study are the large sample size of .1500 children, the inclusion of questions that address many different pFA-associated factors likely to affect outcomes, and the ability to examine the association between information on infant factors, including feeding before age 1 year and reported physiciandiagnosed pFA by age 6 years in more than one-half of the original participants from the IFPS II study. The longitudinal study design with a short time frame over which mothers were asked to recall information in early infancy, as well as the additional detailed questions relative to most population surveys in this age group, are particularly relevant to ascertain how factors in early life relate to development of pFA later in life.
CONCLUSIONS
In this cohort of 6-year-old US children, socioeconomic (higher maternal education and income) and atopic (family history of food allergy and infant eczema) factors were significant predictors of pFA. Ouranalysis did not find a significant association between pFA and feeding practices at established dietary milestones in infancy. However, among children who did not have pFA by age 1 year, exclusive breastfeeding of $4 months was marginally associated with lower odds of developing pFA at age 6 years. This potential benefit was not observed among the high-risk atopic children, which suggests the need to separate children according to atopic risk when studying preventive benefits of exclusive breastfeeding on food allergy.
